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ABSTRACT In order to develop transgenic potato plants with enhanced tolerance to multiple stress, we

constructed the transformation vector expressing both superoxide dismutase and ascorbate peroxidase genes in
chloroplasts under the control of a stress-inducible SWPAZ promoter. Transgenic potato plants (cv. Superior and
Atlantic) were generated using an Agrobacterium-mediated transformation system. Transgenic potato plants were
regenerated on MS medium containing 100 mg/L kanamycin. Genomic Southern blot analysis confirmed the
incorporation of foreign genes into the potato genome. When potato leaf discs were subjected to methyl
viologen (MV) at 10 pM, transgenic plants showed higher tolerance than non-transgenic or vector-transformed
plants. To further study we selected the transgenic plant lines with enhanced tolerance against MV. These plants
will be used for further analysis of stress-tolerance to multiple environmental stresses.
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BA&-Fo] yIgH 2 ¢r} (Foyer et al. 1994; McKersie
et al. 1996; Van Camp et al. 1996; Roxas et al. 1997;
Oberschall et al. 2000; Kwon et al. 2002, 2003).
AES g itk 374 AES AAEYAE
Hlord A AkA+ superoxide anion radical ( - Oyp),
hydrogen peroxide (H>0;), hydroxyl radical ( - OH) 2]
ukS-Alo] =2 EA) o] BAAAS (reactive oxygen species,
ROS)C.2 W3lA B} (Allen 1995). ROSY] 7t} uhale
Axet Zf, 4l 23, DNASA 94|, 334 94,
QA w3 2 A Ul AelH FAE Fu AT HS
M ZEAPE-& 225} (Inze and Van Montagu 1995). 12
Y o]# 3+ ROSE superoxide dismutase (SOD), peroxidase
(POD), catalase (CAT) %-2] 843} 8 49} ascorbic acid,
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a-tocopherol, glutathione %2 &2} dalalZde] 2]s)
28402 AAH (Allen 1995).

Qe AAFEIt Ee ¥ old nouA WA
A 7 Ao, 2F-9] FH2EHZE ZHdA ROSE
HoslA A et AFAEHAE YT FbsAlo] mj¢-
& 7| otk wby AE# A 22AA FEA Y Abst
EY2E S5 F UEE PIEp|E agHew 24
o ded AR A F AP EEE FAATIA
U Z7AZL £ IS AoE ZYEnh EEA49 3itE)
T2 49 38l= Water-Water cycle (Asada 1999)9]= SOD,
ascorbate peroxidase (APX), monodehydroascorbate reductase
(MDHAR), dehydroascorbate reductase (DHAR), glutathione
reductase (GR) %°] #oj3le] §8% 08 ROSE AAT
T dol AA L ok sHARE otk A= B
A7k AR Qe sl rntess Ak 2E F
Baprlols FRaA 2] e, PABEL B AR
a2 o] Ash) A 4 Y AT o
o G5Ae) P17 E ABHE Aol Fasith A4
E& copper/zinc SOD (CuZnSOD)¢} APXE Al 5
A F@AZ Gl HEAE B o] 28 S4o]
2L ¥ (Kwon et al. 2002).

HEE FAHGA Ndel= B AetA 2R
CaMV 355 Z2RE|7} F2 AMEEHAH. shxIRE, F2 13
A AT Alell 54 2 AMRE o] FEFHE Z2RH
E AHEE A9 agle EHUAE AiAE 5 Qo] 2

Aoz B8 §A7 HRE FET F 9L Aolth Het
A BA2EH A WA FARAZH Adoe AStAEH A

o] WS 71 GRS st st
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A} (Solanum tuberosum L.) FAAZ = oA 4]
821 <] (Superior)9} 7}15-8-%] thA] (Atlantic) FE= 7]
el Z2AAA AREsHgTh A EA] 2242 MS (Murashige
and Skoog 1962) vlX]}| sucroseE 3% #7}sle] 16417k
o) 40 pmol - m” - sec” 9] cool-white &3, 25°C2) Hl%k
Aol wgatlon 2 F3F wigFet Q3 Er)24E &
ARG A5 2 AL

Hindlll EcoRl EcoRl EcaRl EcoRl Psi
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Figure 1. Plant transformation vector, pSSA-K. SWPA2p, sweet-
potato peroxidase (SWPA2) promoter; SOD, cassava CuZnSOD
(mSOD1); APX, pea ascorbate peroxidase; TEV, tobacco etch
virus 5/-UTR; 35Sp, CaMV 35S promoter; 35Ster, CaMV 358
terminator; TP, chloroplast-targeted transit peptide.

HERE HE| YT

ek WA ol A B ABtE A fiA] SWPA2
Iz RH (Kim et al. 2003)E o]-&3}o] 7}A}1} cytosolic
CuZnSOD cDNA, mSODI (Lee et al. 1999)7} 2+5 APX
(Allen et al. 1997)7} Aol FEA A BEE F A=S
AZAAZ] &, neomycin phosphotransferase (nptll) 744}
£ AEEAZ 7HA 3L Y pCAMBIA2300°] =9)gh 4
B E A|Ztsted pSSA-Keh Hw it} (Figure 1). o] A
Agrobacterium tumefaciens EHA1059] =113 o, &
T2 0] 8317] $4sto] pCAMBIA2300 ¥EwF =<
Agrobacterium= 9]¢ th.

fh o o

AEE 2-394 3 £7]22S AAs Youm 5 (2002)
o Wl et Agrobacterium} E-F YA F-5H

o3} 7] HHAS MS 7|8 AA A= o] Mt
BjA] (MS + 2 mg/L zeatin + 0.01 mg/L NAA 0.1 mg/L
GA; + 400 mg/L claforan + 100 mg/L kanamycin)oi] ]
WFaIsie 35 A0 e WAZ Adugd 7.,
Ak Ao A FEE shoot2 ] F=& &) HelfFE
HlX] (MS 7]Eux] + 400 mg/L claforan + 100 mg/L
kanamycin) & &7]3L a7} @A 4~5Y7F 3HAA
sHEo® A WA Aufstict.
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zZers So| @)4Y FEE AL PORE ¥
Aagol By 27 AEAE ez w9 A}
o Southernit4]-& AAISFATh wjgr)olA &5 7=}
2 EAe] gozHES] genomic DNA E2]= Asemota
(1995)¢] o] whet Faetgich 2]k DNA (30 ng)&
EcoRIS 2 77 Aekslo] 0.8% agarose gelo] 317953
%, Zeta Probe membrane (Bio-Rad #|3&) 0.2 FHo|A|Z T}
Probes SWPA2 =2 HE Eo]i A A&E primerE
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o]-&35}e] polymerase chain reaction (PCR)Z2 $Ad3}e] o]
23190} (593 bp). ©] DNAS 5994 [aP] dCTPE
labellingA]# prehybridization£-< (Zeta Probe membrane
)l A7kste] 60T 2447t 53t EAQZAIA T HHE-
< “Pﬂ membrane-& A& 33 X-ray DEo =EA|A W
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Agrobacteria®} TF5WES 9, &2 &7] HHAE MS
718 8j=jo| 2 mg/l zeatin, 0.01 mg/L NAA, 0.1 mg/L
GA3, 400 mg/L claforan, 100 mg/L kanamycino] ¥3Hg
Auku =)ol wjokslgdct. Kanamycin A &H43-8 x4 shootS

Figure 2. Shoot induction and plant regeneration from leaf explants
of potato (Solanum tuberosum L. cv. Atlantic) transformed with
Agrobacterium harboring pSSA-K vector. A and B, Shoot induc-
tion from leaf on MS medium containing 2 mg/L zeatin, 0.01
mg/L NAA, 0.1 mg/L GA;, 400 mg/L. claforan, and 100 mg/L
kanamycin. C, Regenerated plants on MS medium with 100 mg/L
kanamycin. D, Microtubers formation from transgenic potato plants.
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Aol o 3-4 F A wjFHANE W A2 FA
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BEHA] FYAE, AHEFE e A Aol St
Atk Shoot =& £7] WHA A F FF 25 A
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2 AAstaon, ZiddA] AL wjdet 23 £7Ho|
3= et (Figure 2). pSSA-K =919 Fdx 8= 944
FAFIA e A EA Q) vlasted P A ApelE YERY
2 &gt AT FAAE AR R ALES ST|RA M=
oo w8 2L 49| shoot (2-47H)0] FEEHAX T HH-2
o] PCR A% HAAATA] & Aoz AYHATH (B3
T AA). o]E &7] 2 X Fold 7p7he- 724 £E%
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Figure 3. Southern analysis of genomic DNA prepared from
transgenic and non-transgenic potato (cv. Atlantic, Superior)
leaves. Equal amounts (30 pg) of genomic DNA were digested
with the EcoRI, electrophoresed in 0.8% agarose gel, and blotted
onto a membrane. The blot was hybridized with 593 bp fragment
of SWPA2 as a probe. NT, non-transgenic plants; Al and A2,
transgenic lines of cv. Atlantic; S1 and S2, transgenic lines of
cv. Superior. The molecular weight markers are shown on the
left.
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ol MRS AAET) olm) SWPA2 primerg AEEHS
¥ PCR 23} 593 bpe] DNA o] S (A} vl
AAl). PCRE 2] frial =9lo] &9ld AEAE F54
2 2 RAH FA9 R Aol SWPA2 5o probed ©}-§
3lod Southern &4 AAIStgth. 7 2% FAAR A2
A E pSSA-K7F =PHIEE 2AT o= Ut (Figure
3). 2y FAAG A7IA Fe 2T HEANAME of
W W= e gttt ol 24 B4 copyd] ol #4
Ak Y mYE FAAE 24 4EAES Ao,
o] FHAMS ARAZ SSA4EA e} HHsiict

Methyl viologen (MV) LiA =4

A zA 2}k (methyl viologen, MV)< PSIo| A 23h¢]
Ho] AR AR MEste] AEFAo| = Ak gz
(028 AAANA Ao g Aitste]E 4bstehe (redox)
A 542X (Tepperman and Dunsmuir 1990; Slooten et
al. 1995), $H2Ed 2o g Y-S S7HA21 FAHE
A EA Y] ASAEH A WS AAste 2EHAYeR
wo] ARSIt} (Foyer et al. 1994; McKersie et al.
1996; Van Camp et al. 1996; Roxas et al. 1997; Oberschall
et al. 2000).
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As A 3485 2 3k} 10 M MV &
E Petri disholl ®¢) 72417+ vijoFale] 9lo] £Abg =
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Figure 4. Screening of transgenic potato plants (A: Atlantic, B:
Superior) with enhanced tolerance to MV-induced oxidative stress.
Leaves of control and transgenic plants were treated with 10 pM
MV for 72 hours. Asterisks (*) indicate the selected transgenic
plant lines with tolerance against MV. NT, non-transgenic plants;
C, pCAMBIA2300 vector-transformed plants. Numbers indicate
transgenic plant lines.
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